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(57)Abstract: 

PURPOSE: To record data with a high density and with a large 
capacity by recording the data in a thick recording material three- 
dimensional ly one point by one point and reading it using a confocal 
optical system. 

CONSTITUTION: At a writing time, a laser beam is converged on the 
recording material using a LiNb03 crystal with a large refractive 
index through an objective lens, and by a photorefractive effect, a 
change in the refractive index is generated only in the vicinity of the 
converged point of the laser in proportion to the differential value of 
the distribution of light intensity, and the data is recorded in the 
crystal. At this time, the data is recorded one point by one point 
while performing three-dimensional scan by moving the recording 
material in triaxial directions. At a reading time, the laser with a 
wavelength occurring no photorefractive effect of the LiNb03 
crystal or the iaser beam with weak intensity is converged on a part 
generating the change of the refractive index in the recording 
material 5 through the objective lens 3, and the reflected beam is 
detected by a point detector 7 arranged on the foca! position of the 
lens 3, and the point data is read Thus, the data with large capacity 
is recorded and write/read of the data is performed- 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

[Glaim 1]In an optical recording system which performs writing and read-out of data in the direction of a 
three dimension of the inside of a field of a recording material, and a depth direction, A recording material 
which produces a refractive index change with incident light intensity, and an optical system which equipped 
an infinitesimal area in said recording material with at least one object lens which condenses a laser beam, 
An optical storage method and memory storage with a confocal optical system which detects a refractive 
index changing region in said recording material and which was provided with the point light source, a point 
detector or a pinhole and a detector, and an object lens at least, and a scanning means of 3 shaft 
orientations of said recording material. 

[Claim 2]An optical storage method according to claim 1 and memory storage which are means for an optical 
system which condenses the aforementioned laser beam, or a confocal optical system to be provided with an 
optical beam scanning means, and to scan said scanning means to a depth direction at least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the store method and memory storage to which data is 

optically made as for writing and read-out 

[0002] 

[A Prior art and its problem] A mass memory is needed with advanced features of a computer in recent 
years, or the formation of many dimensions of information. In order to respond to this demand, development 
of a memory with big capacity is furthered. Although the mass memory is realized by optical storage 
equipment, such as a compact disk and a magneto-optical disc, it is difficult to enlarge storage capacity 
beyond this with these pieces of optical storage equipment That is, as long as light is used for writing and 
read-out of data, the storage density per unit area is restricted with the spot diameter decided to the 
diffraction limit of the wavelength to be used. Therefore, in order to realize the optical storage equipment of 
bigger capacity, it is because area of a recording medium (disk) must be enlarged. 

[0003]What is necessary is to record data not only on the inside of a two-dimensional flat surface but on a 
depth direction (optical axis direction), and just to realize optical storage equipment with the three- 
dimensional structure, in order to realize bigger storage capacity, without enlarging area of the recording 
medium (disk) of optical storage equipment. 

[0004]What applied holographic technique as three-dimensional optical storage equipment, (L d'Auria, J. P. 
Huignard, C. Slezak, and E. Spitz: Appl. Opt Vol. 13, 808-818, 1974; P. J. van Heerden: proposed partly. Appl. 
Opt. Vol. 2, 393-400, 1963; Di Chen and J. D. Zook: Proc. IEEE Vol. 63, 1207-1230, 1975. These methods 
record two dimensional data (picture) on thick photosensitive materials as a hologram, many — the lighting 
direction of a reference beam is changed and multiplex recording of the two dimensional data of several 
sheets is carried out to the same hologram material. 

[0005] There are the following problems in the method of recording data using holography. In order to read 
one two dimensional data without a cross talk at a time among two or more two dimensional data which 
carried out multiplex recording, When carrying out multiplex recording, the lighting direction of a reference 
beam must be changed a lot, and must be recorded (L. d'Auria, J. P. Huignard, C. Slezak, andE. Spitz:Appl. 
Opt. Vol. 13, 808-818, 1974). Therefore, the multiplicity of multiplex recording cannot be made high and 
storage capacity cannot be enlarged A coherent light source is required for record and reproduction of 
holography. Therefore, coherent noises resulting from the dust adhering to an optic, etc., such as an 
interference fringe of a speckled pattern and ring shape, are overlapped on the reconstruction image from a 
hologram. These coherent noises reduce the signal to noise ratio of reproduction data image **, and reduce 
the reliability of data read remarkably. 

[0006]One point at a time to a recording medium data. (D. A. Parthenopoulos and P. M. Rentzepis: Science 
Vol. 245, 843-844, 1989; S. Hunteer, F. as which some three-dimensional optical storage equipment to write 
in is also proposed Kiamilev, S. Esener, D. A. Parthenopoulos, and P. M. Rentzepis: Appl. Opt Vol. 29, 2058- 
2066, 1990; J. H. Stricklerand W. W. Webb: Opt Lett. Vol. 16, 1780-1782, 1991. 

[0007]These write in data into a photopolymer using two photon absorption arising in proportion to the 
square of light intensity. First, a laser beam is condensed to a photopolymer. Since two photon absorption is 
produced in proportion to the square of light intensity, two photon absorption arises only near [ where laser 
beam intensity is big ] a focus, and the integrated state of polymer changes. Therefore, the structure of 
polymer changes only near the condensing point of laser, and a refractive index changes at the point. 
Polymer is scanned in three dimensions and it records one data at a time in three dimensions. The 
differential interference microscope is used for read-out of data. The refractive index change in each point is 
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detected, and data is read. 

[0008]In the optical storage equipment using two photon absorption, a high-output pulse laser is required at 
the time of the writing of data. Since the interference microscope is used for read-out of data, the read-out 
resolution of the data of an optical axis direction (depth direction) is decided by the depth of focus of a 
microscope. The depth of focus of the usual microscope is large, and the read-out resolution of the data of 
an optical axis direction is low. Since the image in which the refractive index change which exists in the 
position from which it separated from the focal position faded laps with the data of the refractive index 
change in a focal position, the read-out accuracy of data falls. Therefore, it is difficult to raise the storage 
density of an optical axis direction, and it also difficult to enlarge capacity. 
[0009] 

[Problem to be solved by the invention]This invention makes it problem to realize an optical recording 
system or a store method with high recording density and the mass three-dimensional structure. 
[0010] 

[Means for solving problem]In the optical recording system in which this invention has the three-dimensional 
structure which performs writing and read-out of data in the direction of a three dimension of the inside of 
the field of a recording material, and a depth direction, It is characterized by having an optical system which 
condenses a laser beam, a confocal optical system which detects the refractive index changing region in a 
recording material, and a means to perform the three-dimensional scan in a recording material in the 
infinitesimal area in the recording material which produces a refractive index change with incident light 
intensity, and a recording material. 
[0011] 

[Function]In this invention, one data [ one ] is recorded on a thick recording material in three dimensions, 
and those data is read using a confocal optical system. 

[001 2]Photosensitive materials from which a refractive index changes according to light intensity, such as a 
photorefractive crystal, a photopolymer, dichromated gelatin, and a silver halide film, are used for the 
recording material of data. If a laser beam is condensed in such a recording material, a refractive index will 
change a lot in a condensing position. In portions other than a condensing point, since light intensity is small 
compared with a condensing position, a refractive index change is small and can be disregarded. A laser 
beam is scanned, or a recording material is scanned in three dimensions, and data is recorded in three 
dimensions into an one-point one-point recording material. 

[0013]In the optical storage method of this invention, supposing it writes in data, for example using the laser 
beam of 500 nm and a refractive index change arises in the 1 mm of circumference [ three ] range of 
condensing spot, the storage density of 1x1012 bit/cm3 will be obtained. Still higher storage density is 
obtained using the object lens of using the laser beam of shorter wavelength, or a high numerical aperture, 
by making small the field which a refractive index change produces using the recording material exposed 
nonlinear to laser beam intensity, etc. 

[0014]When the rewritable photorefractive crystal of LiNb03, BaTi03, SBN, Bi12SiO20, etc. is used as a 
recording material, the operation as random access memory (RAM) and read-only memory (ROM) can be 
given. A photopolymer, dichromated gelatin, etc. are used only as read-only memory (ROM), when the 
material whose rewriting is impossible is used for a recording material. 

[001 5] In order to read the data written in three-dimensional optical storage equipment, a reflection type 
confocal optical system is used. A reflection type confocal optical system has in a field resolution decided to 
a diffraction limit, and has high resolution also in a depth direction (optical axis direction). 
[001 6] A point detector is used for a detector, both a light source and a point detector are formed in the 
image formation (focus) position of an account object lens, and a reflection type confocal optical system 
consists of reading lighting study systems of this invention. The light ejected from the point light source is 
condensed on the recording material set on the focal plane with the object lens. The light reflected in the 
field which the refractive index change in material has produced passes along an object lens again, and 
connects a point on a detector. Since both the point light source and a point detector are arranged in the 
focal position of the object lens, the light reflected by the refractive index change which exists in the focal 
position of an object lens among the data recorded in three dimensions in the recording material reaches a 
point detector. However, image formation of the light reflected in the field which has produced the refractive 
index change which exists in the position from which it separated from the focal position of a light source 
and a detector is not carried out to a detector position, but it gives there the intensity distribution which 
faded to the circle configuration. Since a point detector detects only this light volume of one point of a point 
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that faded, the contrast of the image of the refractive index change in the position from which it separated 
from the focal plane becomes very low. That is, a DIFOKASU image disappears rather than fades. Therefore, 
if a reflection type confocal optical system is used, it can read without the interference to the data 
(refractive index change) recorded in three dimensions in material from other data. In order to read another 
data, a recording material or a laser beam is scanned relatively. 

[001 7]A point detector without the space decomposition is used in the data read of a confocal optical 
system. Therefore, the interference fringe on the ring depending on the structure and dust of a recording 
material near the focal position, When high light sources of spatial coherence, such as a speckle pattern 
produced with the dust adhering to optics, such as heterogeneity of a material face or a (ens, are used, all 
the coherent noises that pose a problem are removed. That is, read-out of data with the high signal to noise 
ratio can be performed, without being influenced by coherent noise. 
[0018] 

[Working example]The working example of the data writing of this invention is shown in Fig. 1 . This optical 
system comprises the photosensitive materials 5 for recording the laser 1, the object lens 3, and data, the 
stage 4 movable to 3 shaft orientations, and the shutter 1 3. 

[001 9]The laser 1 is used for a light source. The light from the laser 1 is condensed in the recording material 
5 with the object lens 3. In an working example, the case where a photorefractive crystal is used is 
considered as the photosensitive materials 5. Here, the LiNb03 crystal 5 is used as a photorefractive 
crystal. In the LiNb03 crystal 5, the refractive index in a crystal changes with photorefractive effects in 
proportion to the differential value of luminous-intensity distribution. Therefore, since the light intensity on 
an optic axis is proportional to the 1/2nd power of the distance from a focal position if convergence light is 
entered into the LiNbOS crystal 5, the refractive index change of a crystal is proportional to the l/3rd power 
of distance. That is, a refractive index change is produced only near the condensing point of laser. Data is 
recordable in a crystal by this refractive index change. LiNbOS One-point 1 point data is recorded carrying 
the crystal 5 upwards at the stage 4 movable to 3 shaft orientations, and performing a three-dimensional 
scan. In order to record binary data (0 or 1), the shutter 13 is opened and closed, and it is LiNb03. The laser 
beam with which the crystal 5 is irradiated is controlled, and data is recorded by the existence of the 
refractive index change within a crystal. The shutter etc. which used the liquid crystal and the electrooptic 
effect besides shutter 1 3 by the mechanical drive used by this example can be used for control of a laser 
beam. As the photosensitive materials 5, also when a photopolymer, dichromated gelatin, a silver halide film, 
etc. are used, data as well as a photorefractive crystal is recorded. 

[0020] Other working examples of the writing of data are shown in Fig. 2. In this example, data is recorded at 
high speed by beam scan. This optical system is the laser light source 1 , the polygon mirror 8, the 
galvanomirror 9, the object lens 3, and LiNbOS. It is constituted by the crystal 5, the stage 10 which can be 
scanned to z shaft orientations, two or more relay lenses 1 1 , and the shutter 1 3. The condensing spot of the 
laser 1 has inside of a focal plane (inside of a x-y side) scanned by the polygon mirror 8 and the 
galvanomirror 9. This scan arranges the galvanomirror 9 and the poly GOMMI mirror 8 to the pupil surface of 
the object lens 3, and is performed by shaking a beam by both the mirrors 8 and 9. The scan of an optical 
axis direction is LiNb03 on the stage 10 movable to z shaft orientations. The crystal 5 is carried and it 
carries out by scanning this stage 10. By performing a beam scan with the polygon mirror 8 and the 
galvanomirror 9, record of data can be realized at high speed. The scan of a beam may use which methods, 
such as combination of a galvanomirror and a galvanomirror, and the method of combining the method of 
using two polygon mirrors, a galvanomirror or a polygon mirror, and an acoustooptical device. 
[0021] The working example of a reading lighting study system of this invention is shown in Fig. 3. This optical 
system is constituted by the laser 2, the beam splitter 6, the object lens 3, the UNb03 crystal 5 in which 
data was recorded, the point detector 7, and the stage 5 in which a three-dimensional scan is possible. This 
optical system is equivalent to a reflection type confocal microscope. 

What detects the light which has arranged the pinhole for photodetection, using a point detector, and passed 
through the pinhole by the backside with a field detector is used. 

Both the light source (laser) 2 and the detector 7 are arranged to the focal position of the object lens 3. 
[0022]It is LiNb03 so that record data may not be destroyed in the light source for read-out. The laser of 
the wavelength which the photorefractive effect of the crystal 5 does not produce is used. In using the 
writing of data, and the laser of the wavelength, it makes laser beam intensity small enough so that record 
data may not be destroyed. In recording materials, such as a photopolymer, dichromated gelatin, and a silver 
halide film, since after-writing fixing treatment is performed, re-sensitization does not take place at the time 
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of read-out. Therefore, a problem is not produced, even if it writes in at the time of read-out and uses the 
laser of the time and an identical wavelength. 

[0023]The light from the laser 2 is condensed into the portion which the refractive index change has 
produced, and the point detector 7 detects the reflected light from there. Since the light source 2 and the 
point detector 7 are arranged in the focal position of the object lens 3, only the light reflected from the 
refractive index change which exists in the focal position of the object lens 3 among the data written in in 
the crystal 5 reaches the point detector 7. From a focal position, image formation of the light reflected in the 
field which the refractive index change from which it separated has produced is not carried out to the 
position of the detector 7, and it is not detected. Therefore, it can read, without carrying out mutual 
interference of a certain data (refractive index change) of one point recorded in three dimensions to other 
data. 

[0024] Other working examples of the data read of this invention are shown in Fig. 4. In this example, data is 
read at high speed by beam scan. This optical system is constituted by the laser 2, the polygon mirror 8, the 
galvanomirror 9, the object lens 3, the LiNb03 crystal 5 in which data was recorded, the stage 10 movable to 
z shaft orientations, the beam splitter 6, the point detector 7, many relay lenses 1 1 , and the image formation 
lens 12. It is LiNb03 like the working example of said Fig. 2 on the stage 10 which can perform the scan 
within the focal plane of the condensing point of laser (inside of a x-y side) with the polygon mirror 8 and the 
galvanomirror 9, and can scan the scan of an optical axis direction to z shaft orientations. It carries out by 
carrying the crystal 5 and scanning a stage. By performing a beam scan, data can be read at high speed. The 
scan of a beam may use which methods, such as combination of a galvanomirror and a galvanomirror, and the 
method of combining the method of using two polygon mirrors, a galvanomirror or a polygon mirror, and an 
acoustooptical device. 
[0025] 

[Effect of the Invention] By realizing the optical storage equipment to which data is made as for writing and 
read-out in three dimensions, a mass memory is realizable. High-speed data writing and read-out are 
realizable by scanning a beam. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view showing the working example of the data writing in this invention. 
[Drawing 2]I t is an explanatory view showing other working examples of the data writing in this invention 
using a confocal optical system. 

[Drawing 3] It is an explanatory view showing the working example of the data read in this invention. 
[Drawing 4] ft is an explanatory view showing other working examples of the data read in this invention using 
a confocal optical system. 
[Explanations of letters or numerals] 

1 Laser for writing 

2 Laser for read-out 

3 Object lens 

4 3 axis stages 

5 Photosensitive materials 

6 Beam splitter 

7 Point detector 

8 Polygon mirror 

9 Galvanomirror 

1 0 z axis stage 

1 1 Relay lens 

12 Image formation lens 

13 Shutter 
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DRAWINGS 

[Drawing 1] 




[Drawing 3] 
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WRITTEN AMENDMENT 



- — — [Written Amendment] 

[Filing date] Heisei 5(1993) August 29 
[Amendment 2] 

[Document to be Amended]Description 
[Item(s) to be Amended]Whole sentence 
[Method of Amendment] Change 
[Proposed Amendment] 
[Document Name]Description 

[Title of the Invention]An optical data memory object, this recording equipment, and a recording and 

reproducing device 

[Claim(s)] 

[Claim 1]An optical data memory object forming comparatively distribution of a discrete refractive index 
change corresponding to binary data which should be recorded in layers with laser of low-power output into 
volume of photosensitive materials in which big nonlinearity is shown to light intensity. 
[Claim 2]The optical data memory object according to claim 1 which is a photorefractive crystal which 
disappears distribution of said refractive index change when said photosensitive materials irradiate with a 
uniform light. 

[Claim 3]The optical data memory object according to claim 2 which is that to which said photorefractive 
crystal uses LiNbOg as the main ingredients. 

[Claim 4] Laser as a light source, 

A condenser which condenses light from said laser, 

A mounting base of photosensitive materials arranged so that a condensing point of said condenser may be 
located in volume of photosensitive materials of prescribed thickness which produces a refractive index 
change with incident light intensity, 

A scanning means of photosensitive materials which enable a scan of inside of volume of said photosensitive 
materials to a three dimension by said condensing point, 

Recording equipment of an optical data memory object provided with a means for switching which switches 
existence of a condensing point in arbitrary infinitesimal areas in said photosensitive materials according to 
binary data which should be recorded. 

[Claim 5] Recording equipment of the optical data memory object according to claim 4 which contains in a 

scanning means of said photosensitive materials a positioning mechanism means to move slightly a mounting 

base of said photosensitive materials to an optical axis direction of said condenser. 

[Claim 6]Laser as a light source, 

A condenser which condenses light from said laser, 

A mounting base of photosensitive materials arranged so that a condensing point of said condenser may be 
located in volume of photosensitive materials of prescribed thickness which produces a refractive index 
change with incident light intensity, 

A scanning means of photosensitive materials which enable a scan of inside of volume of said photosensitive 
materials to a three dimension by said condensing point, 

A means for switching which switches existence of a condensing point in arbitrary infinitesimal areas in said 
photosensitive materials according to binary data which should be recorded, 

Laser for data reproduction used in order to detect distribution of a refractive index change recorded into 
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said photosensitive materials, 

An object lens which receives a reflected light of this laser radiation light, 

A recording and reproducing device of an optical data memory object provided with a photoelectric detector 
which makes punctiform [ which is provided in a substantial image formation position of said object lens ]. 
[Claim 7] Laser for said data reproduction is used also [ laser / as said light source ], and. A recording and 
reproducing device of a light source part which said object lens is used also [ condenser / said ], and makes 
punctiform [ of said laser ], said condenser, and the optical data memory object according to claim 6 in which 
said punctiform photoelectric detector forms a reflection type confocal optical system, 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention about the recording equipment of an optical data memory object and an 
optical data storage, and the recording and reproducing device of an optical recording body, Data is recorded 
on three-dimensional one-point one point into the volume of the photosensitive materials exposed with 
nonlinearity to light intensity, and this is related with the optical data recording body which can reproduce 
read data and record of this, and/or playback equipment 
[0002] 

[A Prior art and its problem] A mass memory is needed with advanced features of a computer in recent 
years, or the formation of many dimensions of information. In order to respond to this demand, development 
of a memory with big capacity is furthered. Although the mass memory is realized by optical storage 
equipment, such as a compact disk and a magneto-optical disc, it is difficult to enlarge storage capacity 
beyond this with these pieces of optical storage equipment. That is, as long as light is used for writing and 
read-out of data, the storage density per unit area is restricted with the spot diameter decided to the 
diffraction limit of the wavelength to be used. Therefore, in order to realize the optical storage equipment of 
bigger capacity, it is because area of a recording medium (disk) must be enlarged. 

[0003]What is necessary is to record data not only on the inside of a two-dimensional flat surface but on a 
depth direction (optical axis direction), and just to realize optical storage equipment with the three- 
dimensional structure, in order to realize bigger storage capacity, without enlarging area of the recording 
medium (disk) of optical storage equipment. 

[0004]What applied holographic technique as three-dimensional optical storage equipment, (L d'Auria, J. P. 
Huignard, C. Slezak, and E. Spitz: Appl. Opt Vol. 13, 808-818, 1974; P. J. van Heerden: proposed partly. AppL 
Opt Vol. 2, 393-400, 1963; Di Chen and J. D. Zook: Proc. IEEE Vol. 63, 1207-1230, 1975. These methods 
record two dimensional data (picture) on thick photosensitive materials as a hologram, many — the lighting 
direction of a reference beam is changed and multiplex recording of the two dimensional data of several 
sheets is carried out to the same hologram material. 

[0005]There are the following problems in the method of recording data using holography. In order to read 
one two dimensional data without a cross talk at a time among two or more two dimensional data which 
carried out multiplex recording, When carrying out multiplex recording, the lighting direction of a reference 
beam must be changed a lot and must be recorded (L d'Auria, J. P. Huignard, C, Slezak, andE. Spitz:Appl. 
Opt Vol. 13, 808-818, 1974). Therefore, the multiplicity of multiplex recording cannot be made high and 
storage capacity cannot be enlarged. A coherent light source is required for record and reproduction of 
holography. Therefore, coherent noises resulting from the dust adhering to an optic, etc., such as an 
interference fringe of a speckled pattern and ring shape, are overlapped on the reconstruction image from a 
hologram. These coherent noises reduce the signal to noise ratio of a regenerative data image, and reduce 
the reliability of data read remarkably. 

[0006]One point at a time to a recording medium data. (D. A. Parthenopoulos and P. M, Rentzepis: Science 
Vol. 245, 843-844, 1989; S. Hunteer, F. as which some three-dimensional optical storage equipment to write 
in is also proposed Kiamilev, S. Esener, D. A. Parthenopoulos, and P. M. Rentzepis: AppL Opt Vol. 29, 2058- 
2066, 1990; J. H. Stricklerand W. W. Webb: Opt Lett Vol. 16, 1780-1782, 1991. 

[0007]These write in data into a photopolymer using two photon absorption arising in proportion to the 
square of light intensity. First, a laser beam is condensed to a photopolymer. Since two photon absorption is 
produced in proportion to the square of light intensity, two photon absorption arises only near [ where laser 
beam intensity is big ] a focus, and the integrated state of polymer changes. Therefore, the structure of 
polymer changes only near the condensing point of laser, and a refractive index changes at the point 
Polymer is scanned in three dimensions and it records one data at a time in three dimensions. The 
differential interference microscope is used for read-out of data. The refractive index change in each point is 



2/8 



detected, and data is read. 

[0008]In the optical storage equipment using two photon absorption, a high-output pulse laser is required at 
the time of the writing of data. Since the differential interference microscope is used for read-out of data, 
the read-out resolution of the data of an optical axis direction (depth direction) is decided by the depth of 
focus of a microscope. The depth of focus of the usual microscope is large, and the read-out resolution of 
the data of an optical axis direction is low. Since the image in which the refractive index change which exists 
in the position from which it separated from the focal position faded laps with the data of the refractive 
index change in a focal position, the read-out accuracy of data falls. Therefore, it is difficult to raise the 
storage density of an optical axis direction, and it also difficult to enlarge capacity. With the above- 
mentioned two photon absorption (two-photon absorption). In [ say the phenomenon in which a certain 
specific substance absorbs two photons simultaneously, and ] this phenomenon, Although two photons have 
a case of the same frequency, and a case of different frequency, and the condensing point of both beams is 
made to cross in the arbitrary infinitesimal areas in photosensitive materials which are wavelength, using a 
laser beam respectively for example, it differs, and a refractive index change can be recorded by the latter, 
The former records a refractive index change using the nonlinear! ty which induces the light intensity of the 
condensing point using the single laser beam of a specified wavelength. The following problems are pointed 
out to the record technique of three-dimensional data in which the principle of the two photon absorption of 
this former was used, besides the problem which made reference above. Namely, in [ a very high-output 
pulse laser is needed for the writing of ** data, for example, ] the paper of J.H.Stricker and W.W.Webb of 
upper ** f Large-sized ArHon-laser equipment and large-sized equipment called Colliding-Pulse Mode-locked 
Dye Laser which pulseHzes the beam from this laser are used, however, the form of the process defined 
system which cost started too much for utilization of a public welfare level, and was enlarged further 
extremely although such a high-output pulse laser could be equipped on the laboratory or the laboratory 
level for an actual proof examination or research — not taking — it does not obtain but there are many 
problems, that is, — small miniaturization is carried out like the optical-magnetic disc equipment of 
rewritable type which has spread now — moreover — comparatively — cost — it is cheap and is provided, 
and I hear that spreading widely has many difficulties, and it is in a noncommercial use. Next, it is a problem 
concerning the photosensitive materials themselves which shows two photon absorption that only the 
specific photopolymer of the substance and photosensitive materials which carry out ** present [ of the 
character of ** two photon absorption ] which the kind is limited extremely and is the actual condition is 
available. Under the present circumstances, when using a single laser beam, or it can accept it by 
centralizing high energy, it can record a refractive index change and it can record by the laser of low energy, 
the photosensitive materials which present characteristic wavelength dependency and can be recorded with 
low energy are not found out. The photosensitive materials used now [ ** ] are photopolymers, the 
description in the ordinary temperature is a liquid, and a difficulty is accepted from the standpoint of the 
mothball of a recording body in reproduction of the time of record, or data. That is, in order to prevent 
contraction and modification even after a certain amount of gelling is indispensable and records, for example 
using ultraviolet rays at the time of record, it is the problem that special processing must be performed. 
Although data was made to memorize in three dimensions, supposing a data access may become impossible, 
the data carrier itself according to contraction or modification such a data carrier, It is hard to consider use 
and applicability being scarce also as an even if very mass thing, for example, spreading through a 
noncommercial use widely like a compact disk etc. Formation of the refractive index change using the 
principle of ** two photon absorption is fixed, even if large scaleHzation is attained, it will be restricted to 
the use as a ROM and there will be a difficulty of completely breaking the possibility of rewriting. 
[0009] 

[Problem to be solved by the inventionjWithout performing use and special processing of special equipment, 
record of data is easy for this invention, and Then, high recording density, It also sets to set it as the 
fundamental purpose to provide a mass memorizable optical data memory object, this recording equipment, 
and recording and reproducing device, in addition to provide a rewritable mass optical data memory object to 
one of the purposes. 
[0010] 

[The means for attaining problem, the composition of invention] The optical data memory object concerning 
this invention is characterized [ fundamental ] by being the data storage body which formed comparatively 
distribution of the discrete refractive index change corresponding to the binary data which should be 
recorded in layers with the laser of low-power output into the volume of the photosensitive materials in 



3/8 



which big nonlinearity is shown to light intensity. The recording equipment applied to this invention which 
records data on this recording medium in order to obtain the above-mentioned data storage body, The laser 
as a light source, and the condenser which condenses the light from said laser, The mounting base of the 
photosensitive materials arranged so that the condensing point of said condenser may be located in the 
volume of the photosensitive materials of the prescribed thickness which produces a refractive index change 
with incident light intensity, It is characterized [ fundamental ] by having a means for switching switched 
according to the binary data which should record the scanning means of the photosensitive materials which 
enable the scan of the inside of the volume of said photosensitive materials to a three dimension by said 
condensing point, and the existence of the condensing point in the arbitrary infinitesimal areas in said 
photosensitive materials. And the recording and reproducing device concerning this invention of the above- 
mentioned data storage body, The laser as a light source, and the condenser which condenses the light from 
said laser, The mounting base of the photosensitive materials arranged so that the condensing point of said 
condenser may be located in the volume of the photosensitive materials of the prescribed thickness which 
produces a refractive index change with incident light intensity, It had the means for switching switched 
according to the binary data which should record the scanning means of the photosensitive materials which 
enable the scan of the inside of the volume of said photosensitive materials to a three dimension by said 
condensing point, and the existence of the condensing point in the arbitrary infinitesimal areas in said 
photosensitive materials. The laser as a light source, and the condenser which condenses the light from said 
laser, The mounting base of the photosensitive materials arranged so that the condensing point of said 
condenser may be located in the volume of the photosensitive materials of the prescribed thickness which 
produces a refractive index change with incident light intensity, The scanning means of the photosensitive 
materials which enable the scan of the inside of the volume of said photosensitive materials to a three 
dimension by said condensing point, The means for switching switched according to the binary data which 
should record the existence of the condensing point in the arbitrary infinitesimal areas in said photosensitive 
materials, It is characterized [ fundamental ] by having the laser for data reproduction used in order to 
detect distribution of the refractive index change recorded into said photosensitive materials, an object lens 
which receives the reflected light of this laser radiation light, and a punctiform photoelectric detector formed 
in the substantial focal position of said object lens. 
[0011] 

[Functionjln this invention, every point is comparatively recorded on the recording material in which big 
nonlinearity is shown to thick light intensity by making data into a refractive index change in three 
dimensions with the laser of low-power output. And when reproducing the recorded data, it has the 
existence of a reflected light for the existence of a refractive index change, and this is read using a 
reflection type confocal optical system. 

[0012]Photosensitive materials from which a refractive index changes according to light intensity, such as a 
photorefractive crystal, a photopolymer, dichromated gelatin, and a silver halide film, are used for the 
recording material of data. If a laser beam is condensed in such a recording material, a refractive index will 
change a lot in a condensing position. In portions other than a condensing point, since light intensity is small 
compared with a condensing position, a refractive index change is small and can be disregarded. A laser 
beam is scanned, or a recording material is scanned in three dimensions, and data is recorded in three 
dimensions into an one-point one-point recording material. 

[0013]Supposing wavelength writes in data using the laser beam of 500 nm, for example at several milliwatts 
** about ten mW in an output and a refractive index change arises in the range of 1 micro of circumference 
m 3 of condensing spot in the optical record technique of this invention, The storage density of 

1x10 12 bit/cm 3 is obtained. Still higher storage density is obtained using the object lens of using the laser 
beam of shorter wavelength, or a high numerical aperture, by making small the field which a refractive index 
change produces using the recording material more greatly exposed nonlinear to laser beam intensity, etc. 
[0014]When the photorefractive crystal in which the refractive index change previously recorded by 
irradiating with uniform lights, such as LiNb0 3 , BaTiO^, SBN, and Bi 12 Si0 2Q! disappears is used as a 

recording material, Rewriting of data is possible and the operation as random access memory (RAM) and 
read-only memory (ROM) can be given. A photopolymer, dichromated gelatin, etc. can be used only as read- 
only memory (ROM), when the material whose rewriting is impossible is used for a recording material. When 
using a photorefractive crystal, since this crystal is a solid by all means, the time of record, etc. are very 
easy handling, and it is convenience. Since even a semiconductor laser of 50 mW or less can be recorded 
comparatively, the laser, for example, the output, of low-power output, record thru/or the small size of a 
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recording and reproducing device, and miniaturization are possible enough. 

[0015]In order to read the data written in the three-dimensional optical storage object, a reflection type 
confocal optical system is used. A reflection type confocal optical system has in a field resolution decided to 
a diffraction limit, and has high resolution also in a depth direction (optical axis direction). 
[001 6] It resembles a detector also in a light source and a point detector using the detector which makes 
punctiform, and provides in the substantial image formation (focus) position of said object lens, and a 
reflection type confocal optical system consists of above-mentioned reading lighting study systems of this 
invention. The light ejected from the point light source is condensed in the recording material set on the 
focal plane with the object lens. The light reflected in the field which the refractive index change in material 
has produced passes along an object lens again, and connects a point on a detector. Since both the point 
light source and a point detector are arranged in the focal position of the object lens, the light reflected by 
the refractive index change which exists in the focal position of an object lens among the data recorded in 
three dimensions in the recording material reaches a point detector. However, image formation of the light 
reflected in the field which has produced the refractive index change which exists in the position from which 
it separated from the focal position of a light source and a detector is not carried out to a detector position, 
but it gives there the intensity distribution which faded to the circle configuration. Since a point detector 
detects only this light volume of one point of a point that faded, the contrast of the image of the refractive 
index change in the position from which it separated from the focal plane becomes very low. That is, a 
DIFOKASU image disappears rather than fades. Therefore, it can read without the interference to the data 
(refractive index change) recorded in three dimensions in material from other data by using a reflection type 
confocal optical system. In order to read another data, a recording material or a laser beam is scanned 
relatively. 

[001 7] In the data read of a confocal optical system, the detector which makes punctiform [ without the 
space decomposition ] is used. Therefore, the interference fringe on the ring depending on the structure and 
dust of a recording material near the focal position, When high light sources of spatial coherence, such as a 
speckle pattern produced with the dust adhering to optics, such as heterogeneity of a material face or a 
lens, are used, all the coherent noises that pose a problem are removed. That is, read-out of data with the 
high signal to noise ratio can be performed, without being influenced by coherent noise. The refractive index 
changes produced by record in the photopolymer material using the above-mentioned two photon absorption 

are 10"~ 3 - 10~ 1 , For example, although the refractive index change in the common photorefractive crystal 
used by this invention has about 100 times as many differences by 10~ 5 - 10~ 3 , this difference is fully 
compensated by using a confocal optical system for a read-out optical system. 
[0018] 

[Working example]The working example of the data writing of this invention is shown in Fig. 1. This optical 
system comprises the photosensitive materials 5 for recording the laser 1, the object lens 3, and data, the 
stage 4 movable to 3 shaft orientations, and the shutter 1 3. It acts on the laser shown with the reference 
mark 1 as a punctiform light source including a beam expander and a collimate lens inside. 
[0019]The laser 1 is used for a light source. The light from the laser 1 is condensed in the recording material 
5 with the object lens 3. In an working example, the case where a photorefractive crystal is used is 
considered as the photosensitive materials 5. Here, the UNbOg crystal 5 is used as a photorefractive crystal. 

In the LiNbOg crystal 5, the refractive index in a crystal changes with photorefractive effects in proportion 

to the differential value of luminous-intensity distribution. Therefore, since the light intensity on an optic axis 
is proportional to the 1/2nd power of the distance from a focal position if convergence light is entered into 
the LiNb0 3 crystal 5, the refractive index change of a crystal is proportional to the 1/3rd power of distance. 

That is, a refractive index change is produced only near the condensing point of laser. Data is recordable in a 
crystal by this refractive index change. One-point 1 point data is recorded carrying the UNb0 3 crystal 5 on 

the stage 4 movable to 3 shaft orientations, and performing a three-dimensional scan. In order to record 
binary data (0 or 1), the shutter 13 is opened and closed, the laser beam with which the LiNbOg crystal 5 is 

irradiated is controlled, and data is recorded by the existence of the refractive index change within a crystal. 
The shutter etc. which used the liquid crystal and the electrooptic effect besides shutter 13 by the 
mechanical drive used by this example can be used for control of a laser beam. As the photosensitive 
materials 5, also when a photopolymer, dichromated gelatin, a silver halide film, etc. are used, data as well as 
a photorefractive crystal is recorded. About the photorefractive effect said above, it was discovered by 
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Ashkin and others at the second half of the 1960s as a by-product of generating of the 2nd harmonics by a 
specific crystal, or research of light modulation, and was named optical damage at the beginning. The 
refractive index change by this photorefractive effect, If it can be made to cause by the laser beam of 
several milliwatts low-power output, and a reaction advances in real time since the reaction velocity is 
several sec from the number msec, and an intensity pattern changes, having the character in which the 
refractive index distribution also changes is known. A real time hologram, the application as 
HOROGURAFIKU optical memory, and the application as a phase conjugate mirror are conventionally studied 
briskly using these character. However, the trial which enters one-point one-point convergence light into 
this crystal using a photorefractive effect, and records bit form like the above-mentioned working example is 
not made into ****. In a photorefractive crystal, LiNb0 3 (lambda= 633 nm), LiTa0 3 (lambda- 488 nm), KNb0 3 

(lambda= 488 nm), BaTi0 3 (lambda= 546 nm), Ba 075 Sr Q25 Nb 2 O 6 (lambda= 488 nm), Ba Q 3g Sr 041 Nb 2 O 6 

(lambda= 620 nm), Bi 12 SiO 20 (lambda= 510 nm), Bi 12 GeO 20 (lambda= 488 nm), the size of the refractive index 

change by a photorefractive effect although GaAs (lambda= 488 nm) and CdTe (lambda= 488 nm) are known 
well (the inside of a parenthesis shows the center wavelength of sensitivity in addition) — generally — about 

— they are 1Q~ 5 - 10~ 3 . A photorefractive crystal is an electrooptics crystal and the size of a refractive 
index change is proportional to the size of the electric field formed in an electro-optic constant and an 
inside. An electro-optic constant depends for the size of an internal field on the concentration of the 
impurity contained in a crystal depending on the kind of crystal, and a crystal structure. BaTi0 3 , SBN, and 

LiNb0 3 are known as a crystal which has a big refractive index change. The size of the refractive index 

change of these crystals is a 10~ 3 grade, and when it uses as a transmission type volume hologram, 
diffraction efficiency reaches to 80%. Since BaTi0 3 and a SNB crystal have the very large electro-optic 

constant, the LiNb0 3 crystal of an electro-optic constant is small to a refractive index change becoming 

large, but a photovoltaic effect is large, and since an internal field can be enlarged, a refractive index 
becomes large. A SNB crystal and LiNb0 3 can enlarge a refractive index change, if an impurity is doped, and 

if Ce is doped into a SNB crystal and Fe, Mn, and Rh are doped into a LiNb0 3 crystal, it is known that a 

refractive index change will become large. The above-mentioned photopolymer, dichromated gelatin, and 
silver halide film, Although it will be fixed and the recorded refractive index change cannot be rewritten, the 
data recorded with the photorefractive crystal can be easily rewritten by irradiating with light or uniform 
available light with different intensity distribution from the last recording pattern. That is, while a 
photopolymer, dichromated gelatin, and a silver halide film can be used only as a ROM (Read Only Memory), 
a photorefractive crystal can be used as RAM (Read/Write memory). When a photopolymer is compared with 
dichromated gelatin and a silver halide film, the latter has the feature of high diffraction efficiency by a low 
noise, but it may say that the stability of that development takes time and effort or a recording material is 
bad, and, generally it cannot be denied that handling is difficult On the other hand, the former photopolymer 
is a self-development type, after exposure, only irradiates with available light uniformly, and has the 
advantage that distribution of the recorded refractive index change is easily fixable. 

[0020] Other working examples of the writing of data are shown in Fig. 2. In this example, data is recorded at 
high speed by beam scan. This optical system is constituted by the laser light source 1, the polygon mirror 8, 
the galvanomirror 9, the object lens 3, the LiNb0 3 crystal 5, the stage 10 that can be scanned to z shaft 

orientations, two or more relay lenses 1 1 , and the shutter 1 3. The condensing spot of the laser 1 has inside 
of a focal plane (inside of a x-y side) scanned by the polygon mirror 8 and the galvanomirror 9. This scan 
arranges the galvanomirror 9 and the poly GOMMI mirror 8 to the pupi! surface of the object lens 3, and is 
performed by shaking a beam by both the mirrors 8 and 9. The scan of an optical axis direction carries the 
LiNb0 3 crystal 5 on the stage 10 movable to z shaft orientations, and is performed by scanning this stage 

10. By performing a beam scan with the polygon mirror 8 and the galvanomirror 9, record of data can be 
realized at high speed. The scan of a beam may use which methods, such as combination of a galvanomirror 
and a galvanomirror, and the method of combining the method of using two polygon mirrors, a galvanomirror 
or a polygon mirror, and an acoustooptical device. In the above-mentioned working example, the LiNb0 3 

crystal is used as a photorefractive crystal, This is based on the characteristic that this crystal is more 
advantageous than other crystals on the both sides of Data Recording Sub-Division and data readout. 

Namely, the size of the refractive index change in a photorefractive crystal is as small as a 10~ 5 - 10~ 3 
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grade about. In order to reflect light and to reproduce in the place where the refractive index changed, that 
refractive index change has [ the larger one ] reflectance high [ in the refractive index change of this range, 
when reproducing, the wave front of light is not greatly disturbed by the data recorded on the upper layer, 
but ]. Therefore, it is necessary to choose a large material of a refractive index change* and BaTiOg; LiNb0 3 , 

and a SNB crystal are known as a crystal in which a high refractive index change is generally shown. Then, it 
had as a memory about BaTi0 3 , LiNb0 3 , and a SNB crystal, and read with the direction of the optimal 

crystal axis over the optic axis of suitable writing light to be and reading lighting, and the polarization 
direction of light was examined. BaTi0 3 , SNB, and a LiNb0 3 crystal are anisotropic crystals, and if light 

enters into a crystal, they will be divided into an ordinary ray and an extraordinary ray, When asked for the 
size of modification of the index ellipsoid to each polarization direction, it turned out that the extraordinary 
ray is more remarkably [ than an ordinary ray ] larger. Therefore, in order to enlarge the reflected light from 
the infinitesimal area which the refractive index change on which data was recorded produced, it is good to 
coincide the polarization direction of read-out light with the polarization direction of an extraordinary ray. If a 
polarization direction is determined in this way, the optic axis of writing light and read-out light can express 
the size of a refractive index change only with a crystal axis and the angle to make. When changing the angle 
theta of the optic axis of writing light and read-out light, and a crystal axis to make about each crystal of 
BaTi0 3 , SNB, and LiNb0 3 , When the refractive index change in the crystal to an extraordinary ray was 

investigated, in BaTi0 3 and a SNB crystal, it turned out that the biggest refractive index change arises to 

the optic axis of writing light and read-out light when that of a crystal axis is about 60 degrees or 1 25 
degrees. Therefore, when using BaTi0 3 and a SNB crystal for a memory, 60 degrees or a thing leaning 1 25 

degrees has a good crystal axis to the normal line direction of the entrance plane of light. However, it is in 
the state which controlled direction of the domain of a crystal, and processing which cuts down a crystal 
aslant to a crystal axis is difficult. It has also become clear that refractive index distribution is hardly 
produced in 0 times (a crystal axis is parallel to the normal line direction of the entrance plane of light) which 
is an angle of the crystal usually used well, and 90 degrees (a crystal axis is vertical to the normal line 
direction of an entrance plane). Therefore, these crystals have obtained the result that it is unsuitable once 
as a recording body of a memory. On the other hand, in a LiNb0 3 crystal, the refractive index change at the 

time of 0 times, 60 degrees, 120 degrees, and 180 degrees whose crystal axis is very big arises in the optic 
axis of writing light and read-out light. What is necessary is just to use the LiNb0 3 crystal of a z-axis cut, in 

order for the angle which a crystal axis makes to use 0 times and 1 80 degrees to an optic axis. Since a 
crystal can be aslant cut down to a crystal axis comparatively easily in a UNb0 3 crystal, the thing in 60 

degrees and 120 degrees is also easily realizable. It is optimal to use a LiNb0 3 crystal for the three- 
dimensional optical memory recording body using a photorefractive crystal based on these analysis results, 
[0021 ]The working example of a reading lighting study system of this invention is shown in Fig. 3. This optical 
system is constituted by the laser 2, the beam splitter 6, the object lens 3, the LiNb0 3 crystal 5 in which 

data was recorded, the point detector 7, and the stage 5 in which a three-dimensional scan is possible. This 
optical system is equivalent to a reflection type confocal microscope. 

What detects the light which has arranged the pinhole for photodetection, using a point detector, and passed 
through the pinhole by the backside with a field detector is used. 

Both the light source (laser) 2 and the detector 7 are arranged to the focal position of the object lens 3, 
About a confocal optical system, it is detailed to Osamu Nakamura, Satoshi Kawada, and South Shigeo work 
"applied physics" magazine, Vol.57, No.5 (1988), and pp.1 28-1 35. [that is entitled "the three-dimensional 
imaging characteristic of a confocal laser scanning microscope" ] 

[0022]The laser of the wavelength which the photorefractive effect of the LiNb0 3 crystal 5 does not 

produce is used for the light source for read-out so that record data may not be destroyed. In using the 
writing of data, and the laser of the wavelength, it makes laser beam intensity small enough so that record 
data may not be destroyed. In recording materials, such as a photopolymer, dichromated gelatin, and a silver 
halide film, since after-writing fixing treatment is performed, re-sensitization does not take place at the time 
of read-out. Therefore, a problem is not produced, even if it writes in at the time of read-out and uses the 
laser of the time and an identical wavelength. 

[0023]The light from the laser 2 is condensed into the portion which the refractive index change has 
produced, and the point detector 7 detects the reflected light from there. Since the light source 2 and the 
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point detector 7 are arranged in the focal position of the object lens 3, only the light reflected from the 
refractive index change which exists in the focal position of the object lens 3 among the data written in in 
the crystal 5 reaches the point detector 7. From a focal position, image formation of the light reflected in the 
field which the refractive index change from which it separated has produced is not carried out to the 
position of the detector 7, and it is not detected. Therefore, it can read, without carrying out mutual 
interference of a certain data (refractive index change) of one point recorded in three dimensions to other 
data. 

[0024] Other working examples of the data read of this invention are shown in Fig. 4 In this example, data is 
read at high speed by beam scan. This optical system is constituted by the laser 2, the polygon mirror 8, the 
galvanomirror 9, the object lens 3, the LtNb03 crystal 5 in which data was recorded, the stage 10 movable to 
z shaft orientations, the beam splitter 6, the point detector 7, many relay lenses 11, and the image formation 
lens 12. Like the working example of said Fig. 2, the polygon mirror 8 and the galvanomirror 9 perform the 
scan within the focal plane of the condensing point of laser (inside of a x-y side), and the scan of an optical 
axis direction is performed by carrying the LiNb0 3 crystal 5 on the stage 10 which can be scanned to z shaft 

orientations, and scanning a stage. By performing a beam scan, data can be read at high speed. The scan of 
a beam may use which methods, such as combination of a galvanomirror and a galvanomirror, and the 
method of combining the method of using two polygon mirrors, a galvanomirror or a polygon mirror, and an 
acoustooptical device. 
[0025] 

[Effect of the Invention]A very mass memory can be realized by realizing the optical storage equipment to 
which binary data is made as for writing and read-out to a three dimension. In spite of being high density and 
large scale, high-speed data writing and read-out are realizable by scanning a beam. Since a semiconductor 
laser can be used, the small size and miniaturization of equipment can be attained. 
[Brief Description of the Drawings] 

[Drawing H it is an explanatory view showing the working example of the data writing in this invention. 
[Drawing 2] It is an explanatory view showing other working examples of the data writing in this invention 
using a confocal optical system. 

[Drawing 3] It is an explanatory view showing the working example of the data read in this invention. 
[Drawing 4] It is an explanatory view showing other working examples of the data read in this invention using 
a confocal optical system. 
[Explanations of letters or numerals] 

1 Laser for writing 

2 Laser for read-out 

3 Object lens 

4 3 axis stages 

5 Photosensitive materials 

6 Beam splitter 

7 Point detector 

8 Polygon mirror 

9 Galvanomirror 

1 0 z axis stage 

1 1 Relay lens 

12 Image formation lens 

1 3 Shutter 



[Translation done.] 
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[0 0 12] r-T^fETOWcfi, 7-4 b 'J77^f 
^7*£!?k 7*h#V7- l^o AgHf^f-X ffiig 

nonmxa, mmmiat^mm^i^x, m 

[0 0 13] *SSWO^«E«*ttTtt, Wx.ii500 

JS#f*afl^*3tX#y b©J137Jlnini3 <DtGB"?£i;fc 
fc-TSfc, 1x1012 bit/cm3 ©IBSafffcWiStt*. * 

yauyxzmmtzct, u-v-yt&micHLxim 

5>tl§o 30 
[0 0 14] EMUmtLXLim3, BaTi03, SBN, Bil 
2S1020 &H©#tS^^I£&7* hU7v77V7*§ 
H£ffll^d§££BU 977A77-t?X7tU (RA1043 

■&3£fctf"?#3 0 7*hJ}?Uv- > 170JUK-Ifvf- 
[0 0 15] 3 45?7CJt^«S«SBti:»#iiS nfcx- 

itgy^tt^^^ & , art fc « s^ffi^T^ $ s 
tt*t.ft, »ft?j[6] otttTjifi]) icm^mmm 

[0 0 16] #38ifi©M*tHL)fc** , ett, ttttHStcj^ 
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4 

tfBfc ttfe U ^©lUS&BKffigSttT V>5 ©T\ 12 

JcfcSJB#r¥g{fc©«!©=i 7 h ^7 H4^fcfi< % 
[0 0 17] #JHu£)fc¥*©?-*R#tHLTB\ £W 

[0 0 18] 

K»J] *%B^©x-^»#ji*©^«^ 1 Etc 
[0 0 19] ^tMtCliU— (f- 1 *ffll>* 0 »f- 1 

*^ znw&msi'vx 3 k «fc o Tiastm 5 

S» SQMI^ttx mmt®5tLX, 7*hU7^7x 
77TY TtSfifc LTLiNb03|p|| 5 «rfflV^5 0 LiNb03|g 

Mssxit, 7*bvy ; 7?7-j7%}mc&-ox, %<m. 
mftft<o®ftmfcm\LxmM>ft<Dmffimt>mt-?% a 

x\ m^mammtmmn 3 ^© 1 miotm+z, 

Ct^tSo LiNb03 3ffl)73(6]{C#ftpIlg 
4 7 r- ^ 4 ijc ©-^ v 3 ^?7t;^S^ff ftl^tf s 
-^-^x-7*l2g1-^ 0 rffl-r-^ (OSfciil) 
^ESi'rStcfi, 7+>y7-l 3^I0MLT, LiNb03 

mMi 5 ^M^ts »f-3t*«ii u is s Q B rtT©iarT 

7-1 3^t, m^mu^^mmLr^^ 
'yz-&z$>m^%zttfxz%a mmmstbx. 



5 

E*ffiv^y§#t>7* h u 7 ^^r^7^H tracer 

[0 0 2 0] ^2Htcx-^*i*}A^©{ftC>SMy£ 

7>5 7-8, <f;WV55-9, ItflilsZ'XZ, LiNb 
03 ISH 5, z «l^Iq]K^4Rrt6^X-r-^ 1 0, 

©yu-i/;/;ci K s>+?*-i 3t«toT«ifi85n 

§o U— If- l ©iDfT^-v Hi, #iJd> = 7-8 i: 10 
^;WV57-9tCiot, ftu&BSft (x-y ffifl) * 

~7-8£*mib7X3©llffi{cIEBU 
9fc«koTlf-i»*fi*«:fclcJ:>)fT4 , 5. tttttfifij© 
j££& z »77^iC$iMf&ft7x-7 1 0±fcLiNb03 

fi*fr * 9 C fc t «fc 0 , -r-^«aeiSA^3itc^g|^^ 

^ ro©#Ui>57-^ffit<^73 20 
ll?#*i^fc«;^4ft£\ ^-rtlcD^^rffl^Tt. 
[0 0 2 1] S3H{C, #»E©«#ttil/ft39R<D*JI 

tttf>*-;l/*SllLT J toa*l!l"etf>*-^*jiii 30 

(i/— »f-) zmmmiitm^ ^i^X3om 
[0022] rc^atfflo^igica, im7-z*w& 

Lft^&otC, LiNb03 |g H B B 5 ©7 * H U 75 £fV 7 

©» t ii» a rasa© u— »f-*ffl «\ eh 

<f5» 7*b#'Jv-, fjrDAH?5fX «ffi7 

^g&^cfti^ 

[0 0 2 3] U— *f- 2 6 (D^M^Uitt^ 

Hits. 5fc«2i:jSttia»7*«*f*U>X3©iijStiH 
fcEB* nT V »3 ©T\ £ H 5 {C ft £ & * nfc x- # 

5jE»Lftfto*3b«js«a»7 tai-r^c 
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6 

i©f- £ i: <of| ST-^f £ Z. £ ft Ucmfrfc? c £ 
[0 0 2 4] ^4 0tc*f^O-r-^M*tHL©fteiD'* 

3, x-^ofe^*nfcLiNb03^5, z rnn^^m 

nTi£ft7T— 7 1 0, e-A77U j&ftfflS 

7, ^s©uu-i/yx i i, %n%\yyx\ 2(c<to 
T«fi!c*n^ 0 ft^2H<D£tt0!l£Rltilic, u— tf- 
C>*7t*Oil*ffirt (x-y ffift) to^Sii, #U:?75 
5—8 £#;WV~5-9fc:,S:9fTft</\ TtiiTjrSooS; 

z $S7?[^;£SBJf&&77--:7 1 0_hfCLiiNb03 
HSU 5 #€H*r, 7t— 7£^gLTfTft5 0 £-2^ 

;WV$7-fc toffl*^*?^, ~-D(D*° 'J J7v7- 
[0 0 2 5] 

[Bffi«®«ft^] 

[an *^wfcfeu*7 f ~^**j&»©*ww** , r 
[03] ^Bi^tfeit^x-^si^tii Lommm^t 

[^^©HMffi] 

1 *£&##U--tf- 

2 r^wtfflb-+f- 

3 »U>X 

4 3«Xf- 7 

5 

6 H--A7 7U'y*- 

7 jgfttiUS 

8 ^Urf755- 

9 A*;WV57- 

1 0 ziXf- 7 
1 1 UU-L-7X 
1 2 ££Sib7X 



1 3 i/^y* — 



7 
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8 




[*£#8] [If a*i?*«IM 



(6) 
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[fit*£J3] ifii£7* hU7^x^7fS B ^4LiNb 
Oa lit *S 2 SSKO^Wt* 

— £lEtt#: 0 

[ll*S4] JtaSfcLT<DU— ft, 

t Efi t n % m ftu m<omw& t , 

tmz-tzzt mm t?z mm?- $ mmmmm 
wm&mm^ mz^ts. mm*. 4 mmco^mf- $ §a 

mtmmnowm^miim^x ^ d 3 &fzicM£. 
BuiES7t^^©ffi«©»J^5cfent5*7t^©W» 

tfjiE^Tt^^tiEg^tifca^Sft^^^^ait- 

5ftftfcm>£ft§-r-#B£ffltD]^-- 9 s i:, 

ffimM¥si/>Z(DMnm&&mmicmfzft%£M* 

WMft. V yX t mm 2 tlX , In IE b-^'O * "T 



[0 0 0 1] 

[«H±©?!Jffl#»] *%W4, ^Wx-^IE'tttM 
yt)t^Wf : '-^tBS«*C'lE^^B&« ; 7t^«IEiS* 

T SJtf § Sft#ft<0#» -r- £ £ 3 ^tc 

fcfEU L Z.ft*Wmm Lf-*4S4Tf *)t*W"r- 

[0 0 0 2] 

-ilWSStftoTtTV^, COfslgfcfS^Sftft, ^ 

/^Ff-fx^ TtK^f-v xt?%E oyemmmu 
>mtmm.mx&z.ft£AhmmmmJt±t <t§ct 

«s SE^«# (-r^X^) ©ffi«*;*£ < Lfctfntfft 
[0 0 0 3] 7tWIEMSS©IEiS«i* (f^^) © 

[0 0 0 4] LXfrny^yj 

-fzwizmm Lfzi><Dt>\ i> < o frugs * tiT i> s a . 

d'Auria, J. P. Huignard, C. Slezak, and E. Spitz: 
Appl. Opt. Vol. 13, 808-818, 1974; P. J. van Heer 

den: Appl. Opt. Vol. 2, 393-400, 1963; Di Chen and 
J. D. Zook: Proc. IEEE Vol. 63, 1207-1230, 197 

5). cft^cofimz, 2^-r-£ (Hit) *Wfr<Vh 

%&ytttnic, *n 9 s ? i*t Lxtmtz t»<o-e*s 0 
^m^z^Tz^-^^m^mmij^^x, n 

[0 0 0 5] *n^7^-£j^Tx-^IE§t-f 5 

%1>(L. d'Auria, J. P. Huignard, C. Slezak, andE. 
Spitz: Appl. Opt. Vol. 13, 808-818, 1974) 0 ^<Dk 
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[0 0 0 6] fE&ffi«c-j£-ro7 f -**S*i£ty3# 
7Cft¥««E11Sfifc^<0^|i2ftTl^(D. A. Par 
thenopoulos and P. M. Rentzepis: Science Vol. 245, 

843-844, 1989; S. Hunteer, F. Kiamilev, S. Esene 
r, D. A. Parthenopoulos, and P. M. Rentzepis: App 
1. Opt. Vol. 29, 2058-2066, 1990; J. H. Stricklera 
nd I. W. lebb: Opt. Lett. Vol. 16, 1780-1782, 199 
Do 

[0007] zftibit, r.yt?ww%mm<D2m£it 

[0 0 0 8] =Dtf!RiR%ffl^fe3tij6«a5l6SlllTJ4, 
x- * ©• # ii^Bf (csai * ©; U— 9*- A^MS^ 

±IE«~7t?M (two-photon absorption)kfi, S3 

o L/— +f- if- A%ffl i ^tojfejtjsoyasfi ic mt&r 
5„ z. <Dm%(D~K?®iiU(Dm mzmm Ltz 3 ^swf 

- * ©fE@¥£ ti> ±1 ET L fc ISUHj^C © H K W 

±Jf©J.H. Strieker and l.l.lebbOHifcfc^ 
Ttt, *^©7;l/d>^7r>U-^-SMk£©U-+F 
-)b^©lf- A£zU>X{b-f SColliding-Pulse Mode-1 
ocked Dye Laserfcl^^©aHAM£fflStlTl>«o 



L T v ft pJtggy ©t^S^-tV X * ilB& H © 
ate, f m.uy>\* MfcSftftfcfroitftWrixhffi* 

imHm*m^T&sm&<D?Mtti i <&mx>& *k hes 

^ 5 BUBT**o 3 *tc Wfc -r- ^ >&fE 
t It ^ o T fe > 7*- * * © fe 
(C <t o T , f-^7^tX tPmHtitt & nfimtfi S 

^SMOfcOfcLTt, fijffl •afflOBl1l6tta:SL<«l 

x im%.m ic ^ y/< 9 h x ^ (D x 5 1 j£ < ^R-f § 

x.^afbA^^nfct LTt, ^-ntiROMtLT© 
[0 0 0 9] 

[0 0 10] 

<fc E^-r^t 2Mf f -^ti:Mjs-rsitiiw^atfT^ 



(8) 



Wffl¥ 6-28672 



2 f 1 9 ~ Z t L T #J SI A § ¥ © £ * « x. it c i: 

, mm&m'm ©tt*©*>h«*fc *s it s 
Wis^ie^-f^ 1 2 ttf-^Kjs dt$ t> 

fc, sifflu- *ffrt><D%*m]t$%M%vyxt, Ait 
jtautic «t o xmwmvz<k czmizm s ©M)t*m 

M^ns^Tfew^oicS^i:. mie^***^**** 

ft&<D%m*mM?< 1 2 ffi-r- * £js trrgj 0 s 

»f**at s ft At ffl ^ x- * s^ffl © u— »f 

[0 0 1 1] 

umi *m®xit, »*o***»iSk:»L**ft^ 

3 JfcjnW t x- * *JBfiT*£{ k t LT ,6 SEiS-T 
[0 0 12] 7*-*©iaBW»fc:tt, 7*h'J75*r 

Sf*afttM^<, *R*iTt5 0 l/-*f- 
EStflW r * * 3 £tc W fc ea-r 3 = 

[0013] 2^«©^«iB»^^tt % mtia* 

©MffllMni 3 ©lEHT^Lfc^-f -St, lxlO 12 bit/cm 3 



[0 0 14] tmWUt LTLiNb0 3 , BaTi0 3 , SBN, Bl 

m^tcm^cte, 9-^<om^mmx^y^ury 

■bX^-t U (RAM)4oJ;tf U - K* > U — ^ t U — (ROM) 

^IB@«^tffl^fcl-&t f±, U - y U t 'J - 
(ROM) fcLT0*SflJfflT#*o 7*hU77^f 

afeSsb^fS®^ ®0S^3b^btoT^TfiMTfe 

mWJ^T©^* l/— tf-T t> I2S^^T fc S (OX\ MM 

[0015] 3 XftK^mmm^ m%&%nrc $ 

*t»^ *fr**lfll (^$673(6]) fctttv^fi*^ 
[0 0 16] *58W©±Ett»fflL^lfi-ei4, fttilffi 

mm^yxvmmmftmn {mumf, sit 
nmuyxvm&Mwictm-fzm 

«mt§©T«4<. ms. L/ctfot, sit§y©« 

[0 0 17] «**7t^^Or-^M*tti LTkt 



(9) 
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3t:-U>h«§OK»*S^acifc*< v SNjrtO 

zmmmmw* ~io" t% mM:*5gfljreffl^&n 

5-t§«&7* h U 77^f^ 7*SJlT-<DH#r^{b{i 

io" s ~io 3 T?«i£ioofg©Mtf£3*t, ScfULft^fc 

[0 0 18] 

[fWJ] *M©f-^tt &#©3!fiS0iJfcsg l BE 

[0 0 19] ftjSfcttb-- »f- l £ffl^& 0 U-+f- l 
*» 6 <D%mm U>X 3 fc £ o TIBtS##* 5 * E Hyfrf 

•7 £ r -f 7|g h b b L T L i N b0 3 IS H 5 * ffl I ^ c L i Nb0 3 £ 

©«#ttfc JtW L rags rt W s o 

cfcoT, LiHbOs ISA 5 (CieDtK^^AS^r^ ftMl±© 
JIHIlfittfeftttli^6©EJt<0 2 #<0 1 ffcteJfcWf*® 
X, Jgft©BifT*£{bfcl:e*©3#© 1 StfcJfcWfS. 

UttfiTftZa LiNbOs ISslS^ 3 1*7^ f^]{C ^Wjejtg 

mwtci^ *$mmxm^rc®MW%mmc&%->* v 

7*h#Dv- % M^nASHf^X lgiS7^;l/A& 

-^CM^fr&^e ±££^3 7* hU 79£ 

f^7»!^l^[i, 1 9 6 0*ttft¥*i: A s h k i 
n 6 «fc D f#S©$SH^ «fc Slg 2 *a&©££*JiaESi 

nfc Q d©7*hu 77i?f^ ^s**ic a sjb*t*s ft 



w 78&**Bi/»T c ©ten K ^iRS^t* A* LT 
\£<y HgiCO|E»*ff3tt*tt3WIKLrftI/\ 7* h 
U7-7^7 L -f "TSSftfcli, LiNbOa (A=633nn) , Li 
TaO, (A=488nm) , KNbO, (A=488nm) , BaTiO 
3 (A.=546nm) , B 3o//s S To. 25 Nb 2 0 6 (A=488nn)s 
Bao.39 Sro.4i Nbz Oe (A=620nm) , Bi.2 SiO 
» (A=510nm) % Bii2 GeO 20 (A-488nin) , GaAs 
(A=488nm) , CdTe (A=488nm) ^J: < ^BtlTV^S 

% 1 0^ 5 - 1 0" s X*&% a 7* HJ7-7^x--f 7ISH 
SBN, LiNb03jb^6tlTt^ o cne©ISII©.B 

Hf«fto*t?i4i o -3 gjsTSo, mmmfom*u 

B a T i Oi Rtf S N BlgUfi, «R)t*^«*^WfrK*: 

#v^ft*tcJB«f**ft3K*:#<4Sot»U LiNbO 

At<J9:§ 0 Sft, SNBtSft^LiNbOatt^Wft* 
K-7-T5 tHW«ft*At < "T5 c fcjSA-p*. S N 
BSSfcf±Ce*LiNbO s ffiffifC{±, Fe, Mn, Rh-S: 

F-7-r§ fcjswf^fttf** fctf^enrv^ 

r -f 7IS B a B TfB» L fcf- ^ Ji, M@OSBfef - > i: 

(i, ROM(Read Only Memory) t LT©*ffll^5 C 
7* hU77^7-^7*SH(±R AM 
(Read/Write memory) t LTffll/^ C btfX*t% a M 
lz, yt I7ni.»t7f>, iS*7^r 

;b A f: *Jt«-r S 4: , ««ttfiy XTiSSfif 

mx\ mm hrmwmtv>ftm*mmm-j£t% z. 
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[0020] m2m^T-$(Dm%&fr<vm<D'MMM* 

©fESfcfrft-So coma, U— «f-3tWK #u 
df>57-8, jJ;WV57-9, LiNb 
Os *g B B B 5, z tt^iC^gpJ^Xx-^1 0, gift 

5o U— *f- 1 ©HftX^ Hi, #U=f>5v-8fc 
^;WV57-9i:iaot, J£j£ffirt (x-y ffirt) * 

5 7-8*i!tttl/yX30i®k:EIU Pi = 5- 8, 
z tt^rp]^^ffi]Bjti^X-r-i>' 1 O_LtcLiNb0 3 

# U rJ> 5 v- 8 t **;WV ~ v- 9 fc i o T tf-Ajfe 

5 c i J: 9 , * <DE8tf Attic * 

H^LTLiNbO.,SH*ffl^Tl,^o CftfcL £©f« 
ft x- * fEiSRtfx- £§!fcHL O^TftficDlgll «fc *) 

* h U 7 ^ * f ^ 7ISH ic *stt SBJIt WtoTCf S ft 
fe«io' s -io"' mmt'h^\ «:ottH©JB#f* 

JB*f**ft*^*Sa t LTBaT iOi, L iNbOifttf 
SNB«fa**Jll6tlTl^. ^c!T\ BaTiCbs LiN 
b0 3 &tf S N B £jt£ OI^T t U i: LT t, % t ^<D£ 

S(ft<0*lftfcaaiL3tOflKt^|*Ii:*t»ttfc. Ba 
TIO3, SNB, LiNb0 3 *Sftl±g;frte*gft-?&!), 

MfoWBft c as^-t 5 1 izim t mnftm t iz ti 5 . 
isntt ft-r ft gf£ w-T*stit cttfr-tZo b a t i 0 

3, SNB, LiNbOj^n^n^UfCO^T, ** 

&»yt&xmBi LyttoytMtmm mtvfttftg. e 

m^TfrZt, BaTiOa, SNBISftT?^ 



ttm-olio fct, ^'JiCBaTiChfcSNBigft 
ft*fo&<6 OfiSfdi 1 2 5MMV^TV^5t<D^<i:V\ L 

9 0 «OJ*iB©ffl(iWlRlfc*f LTfiftttltf MiI)T?tt* 

^a^-ea&sfcotta^Tv^o LiNbOaie 

fiWtf, Ofi, 6 0S, 12 0fi, 18 0g(Dtt« 

ftg.tfQ&t 1 8 0fitc-rstl±, zf4*-y hOLiNb 
0.,eH%fflV^«'il\ $fc, LiNbO»ISSO«'&fc 

Ci:A^f5©t, 6 Ogi: 1 2 0£<Di§£-4>t><Dt>ffi 

T7*hU7^^-r^ TlSiH^ffl V >fc 3 ^7t3t * * U 12 
ilftfcii L iNbO. fififcEV'SOjWKi'CfcSa 
[00 2 1] ^3gl(C, *5£^OK»WL3t^<O^SS 

m*mto cco^mt, u-+f-2, tr-AxT'D-f 

5, riitfttH»7, 3 ^Tt^SBj^^Xf— ^ 5 J: oT 

(I/— If-) 2 t^fcBg§7{ii±{i:, W«U>X3©illUS 

1.57, No. 5(1988) ,pp. 128-135 JC|¥LV\ 
[0 0 2 2] tt»HJLffl<Wt»Ktt, fE^T-*£fiftig 
L^l^a^, LiNbO, ^507* 77^x^7 

»f-?:fflv^5«^fc{4, leg 
[0 0 2 3] 2 *»6©3t*JB*fJME{bW4i;T 

a-r %mzt &&&m 7 ^*tti u yx 3 om^fes 
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6s»Lfc)to**<jS!iijiffiS7 car*. ^ficB*^ 

IOt- * ©*BST?$T3 c. £:&LC m& fit Z.tft 

[0 0 2 4] ®4HK*»WOr-*«*tabOfl!l©* 
Jtffl*jj*fo *^«BMT«, e-Aj£SC«fctk SMC 

7*-^oas*ab*fi : a5o coma, u— tf- 

3. T-#<Di58SftfcLiNb03Sgifi5, z W#faC&i& 
7, ^iO'JU-l/VX 1 K 2C«fco 

omtiioji^cffirt (x-y oj^Stt, si?u=f>5 

fitiu z SWftC^^&Xr-^ 1 0±CLiNb(L 
ISifl5#<D-eT, Xt— S?*j£SLTfTft$o If- AS 

oCh^T't^o H'-AoSfil^ if*;V57-W 
[0 0 2 5] 

[fgBJ^JS] 3 ^TtC 2 filx- • R*tti 

LoT'ts^wfaii^H^^-rsctc^oT, t 



[0 3] *«WC*^ST-*«t*a Lo*««i*^r 
[0 4] m*7t^*ffli^c*fg^Cfe^5r-^^ 

1 f- 

3 imvyx 

4 3$flX-f— 

5 ^7t*ffi 

6 t-A^iJy*- 

7 ^ttfemsg 

8 t°U3>5 5- 
9 

1 0 zlftX-r— i/ 
1 1 Ub-b^X 

1 2 mmuyx 

13 '>+<y*- 



